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To assist in the evaluation of proposed structural 1nspect1on programs for
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defects, failures, and inspections. This Togic was incorporated in a computer pro-
gram entitled Structural Area Inspection Frequency Evaluation (SAIFE)., With the
objective of quantifying the evaluation process currently used to establish and
mod{fy inspection intervals, SAIFE accounts for the following factors: (1) aircraft
design analysis; (2) fatigue testing; (3) production, service, and corvosion defects;
(4) probability of crack or corrosion detection; and (5) aircraft modification eco-
nomics.a As a five-volume document, this report covers the initial contract effort
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and documents the methodology for the decision-making processes in the simulation
Togic..~N0lume 1 (entitled Description of Simulation Logic) details the SAIFE
simu1&§1on logic, presents the background data for the analytical functions and
decision-making processes, and inciudes data for a typical simulation problem.
Volume 1II (entitled Demonstration Input, Inspection Survey, and MRR Data) presents
data tabulations derived from historical trends and design input data for a SAIFE
demonstration problem. As the user's manual for the SAIFE computer program, Vol-
ume IV (entitled Software Documentation and User's Manual) contains detailed com-
puter logic flow d1agrams and a complete listing of the program which is written in
SIMSCRIPT II.5, Vo]ume V (entitled Results of Model Demonstration) presents the
results of the program application to a hypothetical aircraft and compares these
results with the service experience of operational aircraft.
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PRLFACE

Technolopy Incorporated prepared this first volume of a
five-volume report to document the simulation logic for the Struc-
tural Area Inspection Frequency Evaluation (SAIFL) in accordance

with Article I1, paragraph B of Contract DOT-FA74WA-3493. (Volume
F 1 along with Volume II completes the requirements of Phases 1 and
[ I1 of the contract.) The effort is sponsored by the Alrcraft .

Safety and Noise Abatement Division, Systems Research and Devel-
opment Service of the Federal Aviation Administration.

The principal Technology Incorporated personncel cngaged on
this program were Mr. Carter J. Dinkeloo, project engincer, who
served as principal investigator; Mr. Martin S, Moran, rescarch
engincer, who developed the model for the SAIFE computer program;
and Mr. Ronald I. Rockafellow, program manager.

The contract monitors for the FAA were Messrs. llerbert
Spicer and Charles Troha of the Aircraft Safety and Noisc Abate-
ment Division. The technical monitor was Mr. Arnold E., Ander-
jaska of the Flight Standards Division,
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[ I. INTRODUCT 10N

It is the mutual goal of the FAA, airframe manufacturers,
and air carrviers to constantly improve the structural integrity
and inspection cfficiency of c¢ivil aircraft. The good sufcty
record of U.S., air carriers indicates that the current process of
establishing and modifying structural inspection programs has been
successtul.  Hlowever, with the increasing size and complexity of
scecond- and thirvd-gencration transport aircralt, therc is a nced
to quantify more precisely the present subjective evaluantion
process which relies heavily on reliability analyses of the new
design and on operational expericnce of similar aircraft.

ool

& Because of the extreme complexity ol the cevaluation process,
3 a computer simulation of all criticul aiveralt service 1ife as-
i pects was judged the most rational means for gquantifying the pro-
cess more exactly., As a five-volume document, this report pre-
sents the resultant Structural Area lnspection Frequency livalua-
tion (SAIEFE} simulation logic., SALFE accounts for the following
factors: (1) aircraft design analysis; (2) component and full-
scale Ffatiwyue testing; (3) production, service, uand corrosion de-
Fects; (4) probability of crack or corrosion detection; and (5)
dircraft modification cconomics, Jt treats these {actors in a
logicul sequence that realistically represents the procedure cur-
rently used to cstablish and modify inspection intervals., SAIFE
is designed to provide a repeatuble method for cvaluating pro-
. posed inspection programs. lowever, it is not intended to supplunt
b the Maintenance Review Board or the air carrier use of the Stuan-

ments the research conducted to cestablish the quantitative func-
= tions required flor decision logic in the simulation. Some of the
[ documentation for these functions, such as fatigue life scatter,
' are taken from work conducted in other studies. Other functions,
; such as the probability of defect detcction, are the result of
work conducted as part of this contract. Whatever the source,
all analytical information is referenced throughout the report.

; Subsequent to the initial demonstration, the model and

" demonstration input was refined in a4 joint cffort by Technology
: Incorporated and the FAA. The reviscd input and model is de-
fined in appendices to Volumes IIT and 1V respectively. The
demonstration was rerun with the revised model and input by

the FAA and the vesults are given in an appendix to Volumc V.

: Figure 1 illustrates the data sources and analytical func-

; tions that are intcgrated into the SAIFE logic. As Volume T,

this volume presents the basic method and procedure usced to de-

1 termine the analytical functions and to develop the logic required
i for constructing the simulation and parametric study logic,

v P U TR T T R R T T i
isialliobd e ) it T g s a o . . .

it S ST Il e 2 2 S

il Jowak e

Lhalle et b L,

L dardl Operations Specification - Adrcraft Maintenance. e w
i In addition to presenting the SALFL logic, this report docu-
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Volume 1! presents the detailed simulation logic incorporated
in SAIFE and all the background data required for the analytical
functions and decision-making processes. [t also includes the
data required for a typical simulation program.

Volume 11 presents data tabulations derived from studies to
determine historical trends. Conducted as part of this contract,
these studies included processing Mechanical Reliability Reports
¢ over a 10-ycar period and conducting a survey of the experience
of air carrier maintenance inspectors. This volume also contains
the design input data required for a SAIFE demonstration prohlen
and parametric study.

Volume 1V is the user's manual for the SALFE computer pro-
: gram. It includes software logic flow diagrams for cach routine
] and event in the program developed during the initial vontract of-
: fort plus subscquent parametric studics and also includes a
source listing ol the plép,l':llll which is written in the computer
language sIMscripT 11,5 d

: Volume V summarizes and evaluates the results of a demon-
stration computer run conducted on a typical, but hypothetical,
g wide-body aircraft. This volume discusses revisions to the

. program logic as well as the demonstration and parametric study

output.
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IT. SIMULATION OBJECTIVIES

1. SALFE Applicutions

The primary objective of the SAIFE project was to develop a
program for evaluating inspection intervals. Since this develop-
ment was a {irst attempt to simulate the cevaluation process, it
was also intended to develop a program with sufficient flexibil-
ity to permit its application to reluated studices, such as the
el fect ol material selection on aircraft safety and the relative
cost of repairving or modifying an airframe structure.

The primary objective, cevaluating inspection intervals, can
be accomplished by two different approaches.  lirst, since SALFE
automatically increases or decreases inspection intervals, a pro-
posed set of intervals, along with the desired increasc or decreasc
percentuages, cun be specified., The simulation output will be a

‘ series of altered intervals that will successively dncrease or

L decrease depending on the number and criticality of the defects
generated during the simulation. Steadily incrcasing or decreuas-
ing intervals probably indicate that the initial intervals should
i be re-examined and revised prior to being implemented. Constuntly
& fluctuating intervals may indicate a proper choice of initial in-
tervals, although a change-by-change analysis of the results is
undoubtedly in order.

" e The sccond approaeh-involves specifying a zero increasc or

¥ decreasc percentage and making parallel simulation runs with two

or more scts of inspectlon intervals, Specifying a zero percen-
tage change will prevent automatic intcrval changes and conse-
quently permit a comparison of the number of defects occurring as

a4 result of cach set of intervals., A variation of this approach
would be to maintain one set of inspection intervals, but to

change the lowest interval that applics to an avea to be inspected.
For instance, certain accessible portions of the wing interior .
might be moved from the C interval to the B interval. The effects k
of this change could be evaluated after making parallel simulation ;
runs and comparing the number of resulting defects. )

The input and output formats of the simulation permit cval-

uating inspection intervals and other variables on problems of :

varying size. Volume V of this report presents an evaluation o

: of a demonstration which encompassed an entire wide-body aircraft. 4
: An evaluation of this extent is wost likely to be made during the G
' certification process for a new aircraft model, such as the B-747. ;

: fvaluations of smaller scope may be made when only a discrete
‘ portion of an aircraft has been modified, the DC-9 fuselage stretch o
: for cxample. In such an evaluation, the simulation may include L
only the fuselage with the unmodificd portions of the aircraflt i

disrcparded.
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Simulation runs may also be conducted on individual compo-
nents only. 1In such runs one or two problem areas on the wing,
for instance, may be evaluated, and have their inspection inter-
vals reduced while leaving those for the rest of the wing the
same us before.

Because of the flexibility of the simulation program, pri-
marily in the arca of input parametcrs, scveral ditferent stages
in an aircraft's life cycle may he evaluated., During the initial
design stage the effect of material selection can be cvaluated by
conducting comparative simulation runs with various fatipuc
lives, crack growth rates, and corrosion resistunce ratings,

This type of design evaluation ¢.n also be conducted when indi-
vidual components are being moditiced or redesigned,

Cost cvaluations can be conducted with SAIFE when a repair
or modification decision is required since the simulation logic
compares the one-time cost of modification with the repeated cost
of repair and possibly increased inspection costs.

2. SALF¥E Qutput

For cach clement simulated, SALFE gencrates the number of
defects - cracks, corrosion, service damage, and production
damage - that occur during the scrvice life of the aircraft.
Excent for production damage, the minimum, maximum, and average
flight hours at which the defects occur are also prescented.
Since production damage does not depend on flight time, only the
number of occurrences is presented,

The simulation output also inzludes the number of cracks and
corroded arcas detected. These numbers permit muking a compar-
ison be:ween the defects which occurred and those which were de-
tected. Tf the two do not agree, cither multiple defects were
present in an clement and all were repaived when one was detected
or defects were not detected before the aircraft was retirved.

The minimum, maximum, and average sizes of the defects, along
with the number of defects detected, are presented for cach
inspection level.

The output for individual clements, as excmplificd in Tables
1 and 3, presents the initial set of inspection intervals which
is input information and cach subscquent change to the ¢ and I
intervals made by the SAIFE logic,

The output for individual elements also contains flight hour

and aircraft identification information whenever the residual
strength equaled the fail-safe strength, often rcferred to as
fail-safe damage., Flight hour and aircraft identification infor-
mation is also presented for cach element that had a structural
failure.
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The simulation output for individual elements is summarized
_ by element to provide pertinent information in less voluminous
. form., Tables 2 and 4, examples of this output form, summarize
the defects that occurred and those that were detected for an
clement type.

The output also contains information on inspection intervals,
but instead of listing ecach change in the interval, it prescnts
only the initial, shortest, and largest intervals that occurred
on any one of the individual clements.

o mmre g

The output for fail-safce damage and structural failure is a
list of all instances when these events occurred on any c¢lement
of 4 particular clement type. Again flight hour and aircrafit
identification information are included, and the clement station
number has been added to identify the specific element.

;

The SAIFE output provides information that will assist qual-
ified FAA personnel in making decisions on a proposed inspection
plan by showlng the results of that plan in terms of the number,
extent, flight hours, and criticality of the defects that prob-
ably will occur if the plan is implemented.
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ITI. APPROACH TO THE SIMULATION PROBLEM

1. Background

i Structural inspection and maintenance programs account for a 'é

' significant portion of the operating cost of a commercial trans- i
port aircraft. Initially the inspection program for a particular
aircraft type is developed by the Maintenance Review Board (MRE)
during the certification process. Subsequently, as fleet expori-
ence 1s goinced, the inspection program i3 modified after a Stuan- y
dard Operating Specification - Aircraft Maintenance has been sub-
mitted by the air carrier and approved by the Federal Aviation
Administration. The resulting inspection program is based on
subjective analyses that account for historical experience on
previous aircraflt types, experience on the present airveraft, and

- design data on the present aircraft. The success of this procedure

i is evidenced by the excellent safety record of U.S. air carriers,

However, with the pressure on air carriers to continue to
operate on a profitable basis and the continued responsibility of
the FFAA to improve air transport safety, the inspection intervals
for primary aircraft structures must be determinced on a4 more ob-
jective basis, In response to this nced, the FAA initiated the
SAITL (Structural Arca Inspection Prequency Lvaluation) project, B
The objective of this project was to assemble all the logic cur- 5
rently used to establish inspection frequencies into a single A
simulation program that would be capable of investigating the
interactions between the primary aircraft service life factors:
ultimate strenpth, fatipguc life, [light loads, production and

service damage, corrosion, probability of defect detection, and 2
modification economics. The simulation would then permit deter- o

mining the effect of changing an ceconomic paramcter, such as

: linspection interval, on the overall safety of the aircraft (leet. -
} The judgment of what could be an acceptable level of aircralt )
: safecty, of course, still rTests with the FAA. g

Since this approach differs significantly from thosc cur-
rently used to evaluate inspection intervals, it was felt that a
high degree of flexibility was required. The primary provisions
: for this flexibility are the means for defining the life¢ charac-
i teristics of each element from input data instead of trom proe-

2 determined program constants and the means for cvaluuting an R
j entire aircraft, a large segment of an aircraft, or an individual 2
v clement.

Because of the complexity of the logic involved in determin-
; ing the inspection program for a commercial aircraft fleet, it is :
: not possible to develop one or even a set of deterministic equa- A
b tions. Therefore, SAIFE uses a series of probabilistic distri- E
v butions and deterministic equations to simulate a lopic scyuence
i that considers all the subjective elements currcntly considered
! in arriving at an inspection program. Based on the logic devel- K
oped by Anderiaska in Reference 1, the simulation is intended to ;
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handle large aircraft fleets by determining the oulcome of proba-
bilistic cvents for individual aircraft from a random number al-

gorithm. This procedure is commonly referred to as a Monte Carlo
technique.

2. Computer Simulation lLanguage

The complexity and magnitude of the proposed project re-
quires using the most efficient techniqueg avuilable. The com-
puter simulation language SIMSCRIPT 11.5 is idcally suited to
this project since it is designed to handle simulations wherce
hundreds of cevents are happening concurrently and in a chrono-
logical sequence such as in the SATFE application,

SIMSCRIPYT 1s also a desirable computer language from the
user's viewpoint since its free-form lInglish format makes it casy
to interpret the source program and it reduces the coding and de-
bugging ceffort. In addition, SIMSCRIPT provides system functions
to gencrate the random numbers required in SATFEE,

The SALTFE computer program has been written to operate on
both the [BM 360/65 and CDC 6600 computers equipped with a
SIMSCRIPT II1.5 compiler.

3. Monte Catrlo Method

When a system to be simulated is so complex that its opera-
tion cannot initially be analytically expressed, whether deter-
ministically or wrobabilistically, gaming techniques are used to
simulate the sys em systematically. Frequently the simulation is
divided into parts, each described by a frequency distribution or
an algebraic formula. FEntirely numerical, the calculation pro-
cess consists of supplying numbers to the system and of obtaining
resultant numbers from it., Often the numbers supplied are random
numbers obtained from a published table, dice, computer, or any
device uniformly producing random numbers such as 4 roulette
wheel; hence the name Monte Carlo for such a device and the
corresponding method. These numbers are fed into the system as
cumulative probabilities such as a fatigue lifc distribution. A
Monte Carlo treatment of a problem permits testing statistically
the sensitivity of the result and isolating thce in{Tlucnce of a
single parameter. To aid in the modeling of statistical phenom-
ena, the computer simulation language SIMSCRIPT 11.5 provides
eleven system functions for generating independent, pscudo-random
samples from commonly encountered statistical distributions.

The samples are considered to be pscudo-random because they
arc determined from an algorithm that is repeatable. Therefore,
the algorithm is technically not a purc random number.

In the simulation each of these functions has as its argu-

ments (1) the parameters that describe the distribution and (2) a
random number stream index. Lach time one of the functions is
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called, a random number is generated from the indicated stream, and
an appropriate transformation is made to convert the number to the
correct sampling distribution, If the statistical distribution of
interest is not available, it can easily be generated from the
uniform distribution. In principle, all that is required is to
equate the two cumulative distributions:

X RN
{) f(x) dx = [ 1 « d(RN) (1)
0

and

F(x) = RN (2)

where RN = a random number drawn from a uniform distribution

F(x) = desired cumulative distribution of the random
variable x

Tbus, if thg inverse function of I'(x) can be determined, the de-
sired distribution of random numbers is rcadily available:

x = F=! F(x) = E~}(RN) (3)

Howeyer, for fungtions whose inverse cannot be analytically de-
termined, approximation techniques can be used to generate the
desired distribution of random numbers.

4. Probability Model

The SAIFE simulation logic is based on dividing the primary
aircraft structure into basic elements, such as wing spar and fuse-
lage frame, and then determining the time to crack and/or corro-
sion initiation for each element. The logic then projects the
time to failure of the element considering the effects of such
random environmental phenomena as flight loads, and production
and service damage. As discussed in Section III.3, the straight-
forward application of the Monte Carlo method generates these
times when the probability density function of the times to fail-
ure is known. However, since this function is seldom known, the
Monte Carlo method may be modified if the hazard rate, A(t), for
the random environmental phenomena can be determined.

The following discussion treats the situation where a struc-
ture has a fatigue crack initiation at time t = 0 and the objective
is to know the probability of failure before time t. If the struc-
ture has not failed up to time t, then the probability of failure
in the time interval between t and t + dt msy be expressed in

probability theory as
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i Fe o+ defe > ¢y = e de) 2 l(E) (4) ‘

T

it

probability of failure before time t + dt,

where F(t + dt|t > t)
assuming nonfailure beforc time t

S e ST o e et \E P T, Gt

? F(t + dt) = probability of failure before time t + dt ﬁ
N j
" F(t) = probability of failure before time t B
?, 1 - I'(t) = probability of nonfallure before time t 'j
: Dividing and multiplying the ripht side of bEquation (4) by dt ?
. ylelds ;
. . . dt F(t + dt) - F(t) i
3 Bt + dtft 2 t) = p—rpg it (%) B
o or ) B
i : - ____1 _ d‘!:_ g
“ F(t + dtit > t) T F(ty df dt (6) g
Now let ;i

1 dF }

T Ty af - M) (7) ¥

where A(t), called the hazard rate, may be interpreted as (1) the
probability per unit of time that an item will fail in the next
small interval of time if it has not failed before the start of the
interval or (2) the number of items failing per unit of time di-
vided by the number intact at the beginning of the interval. From

probability theory,

e T T T v e

P

i

3

g £ty = 48 (8)

i . dt

i where f£(t) is the probability density function. Substitution of

b LEquation (8) into Equation (7) yields

; - f(t)

; Mt it (9

? where R(t) is the probability of nonfailure before time t. Rewrit-

3 ing Equation (7) gives

Ear = (10)
11
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Equation (1) is an exact differential equation and may be solved by
integration. Rewriting Equation (10) yields

dF

It = ~A(F-1) (11)
or
-fa(t)dt
F-1 = Ce (12)
Therefore,
- [Adt
F(t) = 1 + Ce (13)

Applying the boundary condition F(0) = 0 to Equation (13) yields
C = -1, Equation (13) then becomes

-[A(t)dt
F(t) =1 - e (14)

where F(t) i1s the cumulative distribution function of times to
failure. Now the Monte Carlo method can be used to generate a
stream of random times to failure. Drawing a random number from a
uniform distribution with range 0 to 1 and equating it to F(t) in
Equation (14) yields

t
- A(t)dt

RN =1-¢ ! (15)

Then the indicated integration is performed, and t is solved for in
terms of the random number RN. This technique can be used to
generate the times for any phenomenon whose hazard rate A(t) can be
determined., The hazard rate can be either a constant or a function
of time. Figure 2 represents the basic relationships indicated in
Equation (15) as applied to a fuselage stringer element.

)
:

e




E(t)

|
Determine time
of element
failure

|
|
¢

FLIGHT TIME (HOURS)

CUMULATIVE FAILURE OCCURRENCES

A Figure 2. Prediction of Time to Element Failure
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IV. SIMULATION LOGIC

o The eight blocks in Figure 3 reprcsent the major aspects of
the SAIFE simulation logic. As detailed in the following sections, ;
whose numbering correlates with the block numerals, each block .

;'\ . . . 0 1 e [ K3
F“ contains one or two basic ideas in the simulation logic.
B 1.0 2,0
2 TMOD
3 INPUY DATA | DEVELOP HOD
i ENTER GENERATE FATIGUE | LIFE __IBECAUSE OF FATIGUE
’gg- LIFES TEST FAILURE
g DEFECTS
L8
\.‘.
: 3.0
ﬁﬁ%?CE 5crlaue
LIFE BECAUSE OF
DEFECTS AN »-| PRODUCTION, SERVICE
OR CORROSION
DEFECTS
STRENGTH .
REDUCT ION
4.0

REDUC. - 4GTH “
BECAU.. JF o
CRACK GROWTH "

PROJECT TIME TO FAILURE C

INSPECT

5.0 \

PERIODIC
INSPECT ION L— INSPECT
OF ELEMENTS

A/C DELETED FROM FLEET

L REPAIR

6.0

REPAIR
ELEMENT T0  fea—REPAIR

ORIGINAL STRENGTH

EVALUATE

1.0 |

SPECIAL INSP. &
INCR. INSP, FREQ.

TIT VT AT T i T e e

SMOD

8.0

DEVELOP MODS
BECAUSE OF SERVICE
EXPERTENCE

1 Figure 3. Flow Diagram Showing Major Aspects of SAIFE Logic
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1. Input Data/Generate Fatiguc Lives (Block 1)

The input data can be divided into thrco catepories: flecot
information, aircraft design data, and historical data. The flvel
information identifies the type of aircraft, for example, B-747;
the number of aircraft in the fleet; and the expected service life
of the aircraft.

The aircraft design data includes a complete detailed break-
down of the aircraft structure into its basic elements. Two cle- .
ment types, a wing stringer and a fuselage frame, are illustrated 4
L in Figure 4. With such a structural breakdown, the Fatigue lifc, P
: ultimate strenpth, crack growth rate, corrosion resistance, and "y
corrosion growth rate of each clement must be determined. Since ;
all these parameters have a direct effect on the inspection in-
terval to be evaluated, the more accuratcly they arce defined, the

A
i
more valid the final evaluation will be. The input data for a %
demonstration problem is documented in Volume II1 of this report. 4
| | :
HOOP STRESS - 4
4
PRESSURE ﬁ;
5' Fuselage Frame Element :
2 ////;F“ ai/ﬂl\\\i:
b ;~(
i p 1
: _4ﬂfzij§§?:¥E>zt>\¢/////§§
o
' Wing Stringer Element ki
ﬂ Figure 4. Typical Aircraft Elements Used in the SALFE Simulation Ij
" [
1, ! .
; 15 i
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In many instances, historical information is the only source
of data that is useful for defining operational factors. Of par-
ticular interest are the corrosion occurrence rate, the service
damage occurrence rate, and the production defect occurrence rate.
The source of such information is the Mechanical Reliability Report
(MRR), called the Service Difficulty Report (SDR) after 1972. All
U,S. air carriers are required by regulation to submit an MRR/SDR
whenever they find and repair a defect., Volume III presents the
MRR/SDR data covering the 10-year period from 1963 through 1973
which was analyzed during the current program for the SAIFE pro-
ject. Information on catastrophic and non-catastrophic accidents
wias obtained from the National Transportation Safety Board (NTSH)

Aircraft Accident Reports,

Since in practice a statistical approach is not used in fa-
tigue life prediction analysis, the actual fatigue life of a struc-
ture of a given design will usually differ from that analytically
predicted. The probability of the actual fatigue life being
greater or less than that predicted was studied by K.D. Raithby
(Reference 2). The relationship determined by Raithby is illus-
trated in Figure 5. The mean and standard deviations of this dis-
tributional relationship are input paramcters which enable the
user of SAIFE to account for improvements in fatigue analysis
techniques. An example of the relationship resulting from improved

analysis techniques is also shown in Figure 5.

LIFE OVERESTIMATED | LIFE UNDERESTIMATED
3 0 eeno
> e RAITHBY
= ot o e CURRENT
E %0 ANALYSIS
= | RANDOM NUMBER SELECTION,
Z OF 075
& .
a |
.l f
/ IRESULTS IN AN R OF
o i1 10 FOR CURRENT ANALYSIS
|

(V4]
2w .
(Vg1
< |
a} |
w2 m
" IRESULTS IN AN R OF

| 34 FOR THE RAITHBY ANALYS1S

L

10

(=]

0.1 1
R ACTUAL LIFE
PREDICTED LIFE

Comparison of Predicted and Actual Fatigue Life

Figure 5.
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For each element the Monte Cuarlo method is used to sclect o
predicted life multiplier, R, The actual average fatipgue life is
then determined from the equation

Actual life = Predicted lLife x R (10)

The example illustrated in Figure 5 shows that o random number
selection of 0.75 results in a predicted life multipiier of 0,84
for the "Raithby" curve and L.l for the "Current Analysis"™ curve,

It is a well-established fact that the futigue lives of a
group of nominally identical elements are not deterministic; con-
sequently, they must be defined by u probabilistic distribution,
urther, it has been established that the probabilisticv distri
bution of fatigue lives for elements on operational aiveraft is
primarily a function of two variables: basic material fatipue
scatter and operational cenvironment variation., Investigations
conducted by Freudenthal (Reference 3) and Abelkis (Reference 4)
conclude that both of these effects can be uccounted for by u
single distribution. Although the exact mathematical formulation
of the distribution ls different in each of the studies, the ond
results are similar. The SAIFE logle uses the two-puramcter Wei-
bull distribution developed by Freudenthal. Although not as ac-
curate at the cxtreome values as the distribution developed by
Abelkis, the two-paramcter Weibull distribution is more flexible
and can be more easily modified to uccount for any changes in
material technology.

After the average fatiguce 1ife of an clement has been de-
termined, the fatigue life for each element in cuch aircraft can
determined by deriving a probabilistic distribution according to
Freudenthal's technique and then applying the Monte Carlo method
this distribution to seclect the desired fatigue life. Figure 6
illustrates this procedure.

he

to

A unique fatigue life Is determined for cach element in cach
aircraft as the aircraft is introduced into service. As illus-
trated in Figure 6, if a random number of 0.750 is scelected, the
fatigue 1life of the individual element is 1.05 times the previously
determined averuage.

)

2. Develop Modification Because of Patigue Test Pailure (Block 23

One of the criteria used in the design of commercial jet
transports, particularly the wide-body aircraft, is an averupe
fatigue life for the airframe that would be twice the service
life. This c¢riterion was used on the NDC-10 (Relerence 5) and
the B-747 (Reference 6). Becausc of the demonstrated uncertainty
of fatigue life prediction, futipue tests (such as illustrated in
Figure 7) are routinely conducted on airframe sections and com-
ponents and occasionally on full-scale aircraft. ‘The results ofl
these tests are used to determine whether the air{rame should be
modified.

on
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CUMULATIVE FATIGUE LIFE DISTRIBUTION

Figure 6.
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The SAIFE logic simulates the fatigue test by assuming that
the fatigue test failure occurs after a test period equal to the
actual average fatigue life determined in Block 1 divided by the
fatigue test acceleration factor. If the actual average fatigue
life is less than twice the service life when a fatigue test fail-
ure occurs, a4 production modification is developed., If the actual
average fatigue life is less than the service life, a retrofit
moditication is developed for those aircraft already in service,
and the inspection frequency of the particular element is incrcased
from the time the clement reaches 80% of its actual average fatiguc
life to the time that the clement is either modified or repaired.
The interval between the time that a fatigue test failure occurs
and the time that the clement modification is installed is the lead
time required to design the modification, procure materials and/or
parts, and fabricate the modification. The lead time also includes
the time required to fatigue test the modification, if such testing
has been specified. Whether or not a modification must be so
tested is a decision that is part of the data input required at the
start of the simulation.

If u modification is tested, it is assumed that it will be
redesigned and retested until the actual average life is at least
cqual to the predicted average 1life. If the modification is not
tested, then it is assumed that the actual average life will be
subject to the same uncertainties as the original design and,
therefore, must be determined by the same distribution as discussed
above and indicated in Block 1 and Figure 5. Once the actual
average fatiguce lifec is determined, the logic returns to Block 1,
where the actunl fatigue life of each modified element is deter-
mined as previously discussed.

3. Reduce Fatigue Life Because of Production, Service, or
Corrosion Defects (Block 3)

The previous blocks provide the means of determining the fa-
tiguc life that could be expected of each individual element under
ideal conditions. However, the effect of production defects,
service damage, and corrosion must be accounted for. Since these
factors cannot be rcalistically duplicated in a laboratory or dur-
ing a controlled experiment, MRR/SDR data was used to construct
their occurrence rates., From this information, the following wmay
be defined: (1) the rate at which production defects occur, (2)
the rate at which service damage occurs, (3) the rate uat which
corrosion occurs, (4) the rate at which corrosion grows, (5) the
effect of production defects on fatigue 1life, and (6) the effect of
service damagc on fatigue life,

Figure 8 shows the distribution of fatigue lives for elements
that have been subject to production damage. This figure indicates
that thc average fatigue life has been substantially reduced.
Therefore, when it has been determined that an element has been
subject to production damage, the SAIFE logic selects o revised
fatigue lifc for that individual element by applying the Monte
Carlo method to the distribution shown in Figure 8.

20
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Figure 9 is a histogram of time to service damage occurrence
constructed from MRR/SDR data. This figure indicates that service
damage is a uniformly occurring random event independent of air-
craft service time. The Monte Carlo method is used to gencrate
time to service damage occurrence from a uniform distribution. The
SAIFL logic treats service damage and the resulting crack ini-
tiation as occurring simultaneously,

10r—

9

OCCURRENCES

per— pa—

-

EiE

2900 4000 so0u RV lonoo 12000 11009 160t LE0nY Jubqoy
FLIGHT TIME TO CRACK INITIATION (HQURS)

Figure 9. Histogram of Crack Occurrences on Service-Damaged
Elements

(1.1

21

i o B

W B N Rl i




.
A
b
-

T

A study conducted by the Naval Air Engineering Center (Ref-
erence 7) provides the means for determining the effect of corro-
sion defects on fatigue life. This study, which compared the fa-
tigue lives of wing spars taken from previously operational HU-10
aircraft with the fatigue lives of newly manufactured spars, con-
cluded that approximately 30% of the fatigue life reduction in the
corroded spars was due to operational usage. In spars with surface
pitting and/or light exfoliation, there was no fatigue life reduc-
tion duce to corrosion; but, in spars with severe exfoliation, the
fatigue life reduction was at least 40%. The study further indi-
cates that scvere exfoliation is found almost exclusively in stress
concentrations such as those at fastener holes.

For cuch of the documented corrosion occurrences in the MRR/
SHR data, the reported corrosion size was plotted as a function of
the corrosion detection time. A corrosion growth rate was then
postulated by constructing a line between the origin and one of the
data points such that parallsl growth rate lines passing through
cach of the other datu points yield no negative times to corrosion
initiation. This is a somewhat conservative approach in that it
iallows corrosion to initiate as soon as an aircraft enters service,
knowing the growth rate and time of detection, the number of cor-
rosion occurrences versus time of initiation may be plotted, A
typical cumulative distribution of times to corrosion initiation
is shown in Figure 10. With such a distribution, the Monte Carlo
method was used to generate a time to corrosion initiation for
cach of the structural elements.

The fatigue life reduction of a structural element resulting
From corrosion depends on the state of stress in the corroded arca.
The probability that corrosion exists in a stress concentration is
cqual to the ratio of the number of corrosion occurrences found in
‘kress concentrations to the total number of corrosion occurrences
identified in that structural element type within the flcet. For
~ach incident of corrosion, if a random number drawn from a uniform
distribution is less than the appropriate probability of corrosion
occurrence in a stress concentration, the corrosion is assumed to
vceur in oa stress concentration; otherwise, it is assumed to occur
in a uniform stress field.

4, Reduce Strength Because of Crack or Corrosion Growth/Predict
Time to Failure (Block 4)

“he previous blocks provide the means for establishing the
fatigue life, the time of crack initiation, for each element. In
Block 4 after the growth of the crack and the growth of possible
corrosion are considered, the resulting strength reduction is
compared with the loads expected on the airframe. The crack
growth rate is determined from specimen and large-component tests
conducted on typical airframe sections. This rate depends on de-
sign, material selection, and load environment. All of these
factors are accounted for by selecting an average growth rate from
a4 component test that closely resembles the design of the given

22
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element and then by considering that each individual element falls
within a normal distribution, The validity of this procedure was
proved by Lggwertz (Reference 8),.
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Figure 10. Typical Cumulative Distribution of Corrosion Occurrence ;

The Navy study with wing spars (Reference 7) concluded from
tensile strength tests that the ultimate strength of the spar was
not affected by corrosion. This conclusion is also supportecd by
Jackman's investigation (Reference 9). It may be assumed, there-
fore, that corrosion on commercial transports will always be de- :
tected before the ultimate strength is affected. The only in- ;
stances of structural failure being attributed to corrosion have
occurred on prop or turboprop aircraft that were not protected by
advanced corrosion resistant materials and preventive coatings.

As indicated in the foregoing discussion, the strength reduc-
tion due to fatigue cracking is compared with the load environment
to determine the time of element failure. The load environment is
the sum of gust and maneuver acceleration loads on the wing and ;
fuselage elcments. The flight loads used in SAIFE are based on '
2000 flight hours of VGH (airspeed, normal acceleration, altitude) i
data recorded on commercial transport aircraft and reported by NASA
(Reference 10).
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The time tc failure of each element is calculated by the g
reliability formula, Equation (15), discussed in Section III.4. If
the time to failure is greater than the aircraft service life, the
simulation retires the aircraft from service and returns to Block

1,
5. Periodic [nspection of Elements/Aircraft Deleted from l'leet

(Block 5)

This block covers the periodic inspection of a commercial
transport aircraft. It includes four levels of inspection. As
each inspection level is called during the simulation, u decision i
on whether or not an existing defect, either crack or corrosion, 1is p
found depends on the probability-of-detection curves in Figures 11 i
and 12 and on a random number selection. The formulation of these .
curves was based on data obtained from a survey of maintenuance : 53
inspectors and on an analysis of actual defects detected in MRR/SDR E
data. [f a defect is detected, the logic proceeds directly to g
Block 6; if a defect is not detected, the simulation performs a
additional scheduled inspections. The detection sequence is re- :
peated ut each subsequent inspection until a defect is found, the )
alreraft is retired from service, or a structural failure occurs.
11 a defect is detected, the logic goes to the repair block; if a i
structural failure occurs, the aircraft is deleted from the fleet, e
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R
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"D LEVEL INSPECTION - OVERHAUL L

Random number o
greater than ,63, o
defect not detected '

it
b

s

"C" LEVEL INSPECTION - PHASE

“'B'' LEVEL INSPECTION - SERVICE

U e T i

Random number A LEYEL INSPECTION - PRE-FLIGHT

less than .63,
defect detected

PROBABILITY OF DETECTION - P(1)

If existing defect is
6.0 inches and
inspection is "C" level
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CRACX LENGTH (in.)

Figure 11. Probability of Crack Detection ;
During a Periodic Inspection 4
]
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|
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CORROSION AREA (in.?)

Figure 12. Probability of Corrosion Detection During a Periodic
Inspection

6. Repair Element to Original Strength (Block 6)

When a defect is detected, the logic first determines whether
an element modification is pending. If it is, the modification is
installed, and a new fatigue life for that individual elcment is
determined by applying the Monte Carlo method to the distribution
previously defined in Block 1. The logic in Block 8 determines the
actual average fatigue life of the given element when the decision
is made to modify the element.

If an element modification is not pending, the element is
restored to its original actual average fatigue life, and the
fatigue life of the individual element is determined by applying
the Monte Carlo method. If an element has multiple defects when
repaired, these defects are also corrected, even if they were not
detected during the original inspection. It is assumed that once
one defect is found, the element will be carefully reinspected and
all other existing defects will be found,.

7. Special Inspections, Increase Inspection Frequency (Block 7)

The decision to conduct a special inspection and/or increasc
the periodic inspection frequency for each aircraft in the fleet is
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based on the size of the previously detected defects. If a struc-
tural failure occurs, fail-safe damage occurs, or if an clement his
a c¢rack whose propagation would lead to a one-half strength reduc-
tion before the next inspection, then hoth the special inspection
and the increased periodic inspection frequency are scheduled.

This scheduling is also effected if the sum of the percentapes of
strength reductions due to defects in uall aircraft of the flect
excecds 20 percent of the averapge fleet strength.

Conducted immediately after it is called for, the special
inspection is considered complete when all aircraft in the fleet
have been inspected. Also instituted immediately after it is
called for, the increased frequency of inspection remains in effect
until o modification is required as indicated by service experience
or fatigue testing. As each aircralt has the modification in-
stulled, the original inspection frequency is resumed on an indi-
vidual basis,

8. Develop Modifications Because of Service Experience

Modifications suggested because of service experience are
inltiated only after weighing the one-time cost of modification
against the recurring costs of an increased inspection frequency
and of repairing elements, some repeatedly. SAIFL determines which
of the two costs is less and selects the course of action associ-
ated with the lesser cost. This comparison is illustrated in

Figure (3.

o

MoD NO MOD
{|REPATR[E
Jlcosrs

Figure 13. Service Modification Decision Logic
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Additional modifications may also be warranted if a previous ;
modification sustains defects while in service. The logic for an ;
additional modification is based on the same type of cost compari-
son discussed above., The cost of inspections, repairs, and modi-
: fications is based on a study presented at an ATA Maintenance
' Conference and documented in Reference 11.

e E

Once the decision has been made to develop a modification, the
! logic determines, according to simulation input data, whether the
2 i modification had been fatigue tested before its incorporation in b
% ' the fleet. If the modification had been tested, the actual averape
k fatigue life of the modified element is considered to be equal to .
) the fatigue life predicted in Block 1 for the original design., If ;
: the modification had not been tested, the predicted average fatigue
life of the modified element is considered to be equal to the
fatigue life predicted in Block 1 for the original design, and the
actual average fatigue life of the modified element is determined
from Figure 5 similarly as the actual average fatigue life of the
original element was determined.

P

After the actual average fatigue life of the modified element
has been detzrmined, each modified element has a fatigue life
assigned when it is installed in an aircraft. )
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V. PARAMETRIC STUDY

1. Background

As discussed carlier, the major advantage of a simulation is
that it permits study of the real system without actual modifica-
tion of that system in any way., For many real systems, major
experimentation involves very high risks. The SAIFE simulation
permits experimentation with an aircraft inspection program
without jcopardizing the actual fleet. Various inspection pro-
gram parameters can be modified, and the corresponding effect on
aircraft safety observed., While there are many variables by
which aircraft safety can be gauged, structural element failure
rate is the most rcvealing.,

ldeally, failure rate is calculated directly from observed
failurcs, Consider n aircraft placed in service with a common
retirement life tygt. Assume that r failures are observed with
r < n, and that tﬁe observed failure times are t; < t, < t3

<+ + « % tret. Then the failure rate, XA, can be calculated by

= I
A= g (17)
where T, the accumulated service life is
T
T = izl to+ (n- 1)t (18)

To run the SATFE program with all of the defined structural
elements in the aircraft requires a great deal of computer time.
Thus, any extensive parametric study will be very costly from a
computer standpoint. An economical alternative is to run samples
of elements from each of the element types. But, sample runs
normally result in no structural failures appearing in the out-
put. This makes it impossible to calculate failure rate dircct-
ly. However, there are statistical reliability techniques by
which the failure rate can be estimated.

2. Lstimation Technique

Recall the general expression for the reliability of a
system

R(t) = o /A(T)dE (19)
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where R(t) the reliability or probability of survival

of the system through time t

A(t) the hazard rate, or probability that a failure
will occur in the next instant of timc assum-

ing previous survival
For most systems, failure is a reflection of individual part

failure. Known as a serial reliability configuration, it can be
represcnted as

Rs(t) = Rl(t) . Rz(t) C L. e Rn(t)

where Rs(t) the series (system) reliability

R,(t) = probability of surviving the 1*" failure

mode through time t

This technique can be applied to a fleet of aircraft to
estimate the aircraft failure rate for the fleet. Consider the
{fleet as the system under consideration with each aircraft in the
fleet representin% a failure mode. Let P; be the probability of
survival of the ith aircraft rhrough the time interval of inter-
est. Then the probability, Rg(t), of there being no structural
failures throughout the fleet is

Rg(t) =

[ ===}
g~
—
[xe]
=3
~

1]

where Rs(t) fleet (system) reliability

reliability of ith aircraft

Pi

i

n number of aircraft in the fleet

Recall that fleet reliability can also be expressed by the gen-
eralized reliability equation

R (1) = o /H(E)AE (21)

1f it can be assumed that the hazard rate of our system now
remains constant over a practical interval of time, and that

A(t) = Ag = constant, expected number of random failures per unit
of operating, i.e., the failure rate, then Equation (21) can be

expressed as
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R (t) = e *s® (22)

where Ag = constant element failure rate for the flcet
: t = total flight hours for the fleet

Equation (22) can then be solved for Ag.

Ln[R(t)]
S e

! That Ag is constant is not an unwarranted assumption when

! the fleet is considered to be a single complex system with
o a constant failure rate regardless of the failure pattern
| of individual aircraft, The mixing of part ages when indi-

i vidual elements are replaced or repaired causes the fleet

i over a period of time to approach a stable state.

Next, the average element failure rate for a given element

L type can be formed.
o n
[
B ket %K (24)
- 5
o ..
o \
b where \g = average clement failure rate for a given element &
. type i3
: Ay = failure rate for gth sample element from a given ¢
; element type .
i m = number of sample elements from a given clement :
0 type g
! and the element type failure rate is then b
5 -
! .
é’ = \ 5
i XST u AS (25) :
%: where Agr = element type failure rate ﬁ
{ u = number of elements in population for a given :l
i element type A
i
}' I
5 L
; 1
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The estimated aircraft failure rate for the fleet can now be
calculated.

(20)

1%

AgT.

A/C failure rate = j
1

J
h v
clement typo

. .t
where AsTi = ¢lement type failure rate for j

w = number of element types in an aircraft

Initial use of the foregoing feature indicated that ery long
cracks resulted in Pi values —y 1.0 and Rg (t) ——p 0. When
used in equation (23) this resulted in unrealistical.y high Ag
values. Consequently for the AFS-510 demonstration described
in Book Two of Volume IV, thils feature in the program was
changed as described below.

2. Consider the fleet of aircraft a system with constant
failure rate and multiple failure modes. Lach aircraft in
the floet represents a failure mode. Then, R(t), the fleet

reliability is

n
R(t) = 1 Pi (27)
i=1
where P, = probability of survivin% the ith failure mode
or non-failure of the ith aircraft
n = number of failure modes or aircraft in the

the fleet

While the failure rate for each failure mode is not constant,
the assumption of constant failure rate for the fleet allows
us to write directly from probability theory the following,

n
R(t) = 1 P, = e At (28)

where A is the constant fleet failure rate. Equation (28)
is easily solved for 1,

an[ 1 P.]
) =1
A o= - e (29)
31
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Summing the P; is not strictly correct since it is
possible that the sum will be greater than one, which vio-
lates the definition of a probability function.

llowever, if one chooses to call the P; the probuble
number of failures per ith aircraft in the fleet, then
summing them will yield the probable number of failures in
the fleet for a single SAIFE run. To calculate fuilure rate,
the accumulated oxposure time is required. Simply using the
number of aircraft multiplied by the aircraft retirement life
overcstimates the exposure time and underestimates the fail-
ure rate. Direct calculation of failure rate is

A= x;— = A/C failure rate (30)

where 1 is the number of failures and T, the accumulated ex-
posure time, is

"
T = § t. + (n-1)t (31
i=1 1 ret
. th . .
where t, = i failure time

i
n = number of aircraft in fleet

tret = gircraft retirement life

It is easily scen that the error introduced becomes greater
4s r increases or the ti decreases but this is small and can

be neglected.
3. OQutput

The original standard SAIFE outputs are shown in Tables
1 and 2. To enhance the program's parametric study capability,
these two outputs have been expanded as shown in Tahles 3 and 4.
Note in Table 3, that for each crack that occurs in a particular
element during the sample run, the aircraft number, the airframc
flight hours, the crack length, and its corrosponding 1-Py are
printed. The aircraft number for each corrosion or produition
defect that occurs is printed. The estimated element failure
rute, Ag, as calculated by Lquation (23) is also printed.

In Table 4, the element summary for a particular element
type, the additional output consists of: the estimated clement
type failure rate, AgT, as calculated by Equation (25), the
sample crack length mean and standard deviation used to define
the Jog-normal distribution of crack lengths, and the crack
length vs 1-P4 curve fit constants,
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While the outputs shown in Tables 3 and 4 are adequate for
identifying trends, a thorough analysis of some paramectric modi-
fications or of a particular feature of a particular run may
require a more complete service history of sclected elements

. and aircraft. This service history is available for every )
3 element in the aircraft and every aircraft in the flcet. It L
: consists of every structurally significant event that occurs .
: during the simulation. [t is so voluminous, however, that this ' :
; long list history should be output for only selected aircraft. I
Te [

The aircraft of interest are selected from the standard output,

|
’
b and the simulation is run a second time for specific clements I
& with the long list option in effect. This means that the two |
i runs must be identical. That is, the random number gencrators |
Y must deliver the same sequences of numbers each time. To ,
P avolid having to run all the elements a second time, just to i
sce a long list of one or two elements, the program permits the o
B user to input the random number generator seeds for cach clement o
i of intecrest. R
pi
f o
Lic i
g b
" b
3 4
= 5
2 )
v o
[
i &
g =
" i
i oo
» b
3 =
:’
. 4
N 2
i .'4
- B!
j
3
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' TABLL 3. EXPANDED SAIFE OUTPUT FOR AN INDIVIDUAL ECLEMENT

ALRCRAFTY TYPEL HYBRID

NUMBER OF ALRCRAFT IN FLEEY) 800 ALHCRAFY SERVICE LIFEL 60000 HOURS
STRUCTUMAL ELEMENYT! FUS<MFR-30T~|020
PREQICTED AVENAGE FATIOUE LIFE! 197580 HOURS ACTUAL AVERAGE FATIGUE LIFET 251019 HOURS
FATIGUE TESY LIFE! JA3036 HOUPS

B NyUMBER AND YIME TO INITIATION OF A[RCRAFT DEFECTS . .
3 FIHGT CHACK CORRNOSION SERVICE DAMAGE PRODUCTION DFFECTS
3 cmmacanvnan ey PRI rusmmemeev s .
i OCCURRENCES 3 [ [ 0
) MIN[HHS) JaA?3 0 9 —————
& MAKIHHS) SAa7P 0 0 -

AVUHES) - w2707 0 o craen

NUMBER AND LENGTW OF CRACKS DETECTED AT EACH LEVEL OF INSPECTION

A~LEVEL . A=LFVEL CaLEVEL D-LEVEL SPFCIAL

Avmeess wnmmana aneumus -~ oo —nemane o

OCLUHRENCES 1 0 0 0 0 ¢

MINLIND 11439 (B O 0. hy :
: MAXLINY 11,39 0. 0, 0, n,
Y AVLIINY 11.3% 0. fiw 0o Do

NUMHEH AND AMEA OF COMROSION DEFECTS DETECTED AT E#Cn LEVEL OF INSPECTION

BeLEVEL CaLEVEL DeLEYEL SHECIAL
{E CnAnans CLLL T TS LT T - -
e OCCURRENCES [} 0 ) o
I MINISG.IN? 0, 0 0. e
b MAKISQL1IN) 0, O 0. a,
b AVGISO.IN) e 0. N f .
INSPECTION INTERVALS (HKRS) MOD NO SAMPL ING TIME %
INITIAL 25 200 1000 2000 0 s ‘,
2 25 200 1125 2000 0 17 2600 :
3 25 200 1246 4500 0 12 5600
- 25 200 1824 6780 (] L] 16100
5 25 200 1602 10125 0 1 168350
: - 25 260 1802 15188 0 6 269715
G 1 25 200 2253 18984 ) 1 a2163
2 u 25 200 2616 23730 0 a 65019
5 9 25 200 1520 25663 0 9 8hALS
ne CRACK LENGTHS AND CORHESPONDING CUMULATIVE PROBABILITY OF FAILURE
L ATRCRAFT NO. FLY, HOURS CHK4LOT, PROM, OF FAILURE
.
. 281 60000 * .53 4.2F~0R
in 55253 11439 2.6E<0b
a77 60000 12 1 3F=0R

‘ NUMBER OF SPECIAL INSPECTYIONS CONDUCTYED: 0
: NUMHBER OF STRUGTURAL MODIFICATIONS: ©
FINAL ACTUAL AVERAGE MODIFIFD FATIGUE LIFE! 251039 HOUNS
NUMBER OF AIRCRAFT MODIFIFD IN SERVICE! 0
ESTIMATED ELEMENT FAILURE KFATES B,ReE=~14/HR,
STAUCTURAL FATLUKES
ATRCRAFY NO, FLT4 HOURS

RESIDUAL STRENGTN FQUALS FAIL=SAFE STRENGTH
AIRCRAFT NO. FLT, HOURS

“nvnscayBane cempsascen

O m———
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TABLE 4.

NUMBER OF AIRCRAFY IN FLEEYS %00

ATRCRAFT TYpEt KYARIOD

ALHCRAFY SERVICE LIFE:

SUMMARY 0f STRUCTURAL CLEMENT! PURSNIR-EOT

NUMBER AND TINE YO INITIAYION OF ALMCHAFY DEFECTS

SERVICL UAMAGE

R T T

0
[]
0
[]

D=LEVEL
0
Oe
Oe
[ 2]

€ACH LEVEL OF INSPECTION

O=LEVEL

LT

FIRSY CRACR CORPOS JON
[ ermnanuss
OCLURRENCES 7 0
HINTHRS) 16K73 L]
AKX LHRS) 8N472 0
AYULHRS) LAY 0
NUHRER AND LENGTH OF CRALKS DETECTED AT EACH LEVEL OF INSPECTIONM

A~LEVLL A-LEVEL CeLEVEL
OCCUARENCES 1 0 [}
MIN(INY 11,29 0. 0.
HAK (1) 1139 0. [
AVG LTINS 1139 0. Q.

NUMBER AND AREA OF CORROSION DEFECYS DEYECYED AY

A-LEVEL 8~LEvEL CoLEVEL

[ amauame mrmane
UCCUHRENCES Q 0 0
RINISO, IN) O [ 1Y - 1)
MAX(5Q, IN) 04 [ 0.
AVB(SQ.IN) 'Y L 1Y 0,
INSPECTION INTERVALS (HKS)
INITTIAL s 200 1000
SHORTEST 25 200 1000
LONGE 3t 25 200 3520

NUNHER OF SPECIAL INSPLCTIONS CONDUCTED: L}
NUMBER OF STKUCTURAL MUDIFICATIONS!

2,37

EXPANDED SAIFE OUTPUT FOR AN ELEMENT TYPE

h0000 HOUAS

PHRODUCTINN DFFECTS

SPECIAL
0
Ny
LI
e

SPFCLAL
]
fe
0.
LN

SAMPLE STD,

RESIDUAL STRENGTH FQUALS FALL=-SAFE STRENGTM

FLT, HUOURS

STA. NO.

NUMGER OF ATRCRAFT WODIFIED IN SERVICE! 0
ESTIMATED ELEMENT TYPE FAILURE RAYE! J3,42E~12/HHA, SAMPLE CHK. LOTs MEAN(IN)
CRRy LGT. Y5 PROBARLLITY CURVE F1Y CONST: A = 04 R =+ 0000
STRUCTURAL FAILURES
AIRCRAFY NO. FLT, HOURS STA. NO. AIRCRAFY NO,
35
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VI. SUMMARY AND CONCLUSIONS

(1)

(2)

(3)

(4)

(5)

Although the SAIFE simulation logic for evaluating pro-
posed inspection programs is very complex, it can indi-
cato the number, extent, flight time, and criticality
of the defects that would occur in a given inspection
program,

Except for limited data on wide-body aircraft, data de-
tailing the service years and flight hours of the U.S.
commercial transport fleet is currently availablc to only
the air carriers or the airframe manufacturers.

SATFE is a flexible program that can be used to cvaluate
the inspection requirements for an entire aircraft, a
large segment of an aircraft, or a single clement.

The information available on MRR/SDR's is uscful for
evaluating the rate of occurrence of production defects,
service damage, and corrosion. However, the quantitative
engincering type of data required for an in-depth analy-
sis of these parameters is currently lacking.

Because of the flexibility provided by the input param-
eters, SATFE can be used to evaluate inspection programs
on both fail-safe and safe-1life design aircraft,
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